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論 文 内 容 要 旨 
An explosion is going on in the world of Internet of Things (IoT) that more than 75 million devices are 
predicted to join in the team of IoT in the year of 2025. IoT is defined as the network of physical items that is 
growing rapidly based on the development of internet, electronics, sensors, and other technologies. The 
challenges that IoT faces include data managing, connection reliability, data security and so on. Among these, 
as with the new definition of More than Moore, integrated circuit of electrical devices is required to possess 
high-speed of data processing, low power consumption, high integration, and multifunction. The transistors 
with smaller gat length in RF/mixed-signal system-on-chips (SoCs) brings us a growing integration and thus 
a higher efficiency. For example the frequency band of telecommunication system grows from 900 MHz (2nd 
generation GSM) to 2600 MHz (4th generation 3GPP), which also shows an urgent demand in the 
transmission capacity. High integration, broad bandwidth, high operating frequency are needed in the future 
development of IC chips.  
However, these next generation of technologies will certainly bring a serious problem on the safety of 
electromagnetic interference (EMI) of IC chip. The high order harmonics of multiply clock frequencies from 
the digital circuits are interfering the signal sensitivity of analog circuit’s receiver circuit chain. On the other 
hand, the near field electromagnetic emission should be carefully considered in the 3D IC chip package design. 
There are three kinds of noise coupling paths in IC chip: inductive coupling, capacitive coupling and resistive 
coupling. The inductive coupling is based on the magnetic flux which is generated from currents and radiates 
throughout surrounding space. Resistive coupling is based on the conduction current generated through 
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silicon substrate. Capacitive coupling is based on the displacement current that is generated between adjacent 
conductors. Both resistive coupling and capacitive coupling are mainly belong to substrate coupling. They are 
studied by electromagnetic compatibility (EMC) models experiments and simulations.  
The countermeasures of such electromagnetic interference are known as follows,  
(1) Circuit technologies, such as clock frequency selection for harmonics management,  
(2) Layout design technologies, such as IPs, wire routing, and metallic guard bands, 
(3) Physical process technologies, such as SOI, triple-well, and high-resistivity substrate, 
(4) Device technologies, such as shielding type cover, filter.   
Among them, the shielding type cover are proposed with a function of noise suppression without increasing 
any footprints on the chip comparing to the layout design. It is beneficial to be being applied without increasing 
the plan area of chip while could provide appropriate magnetic shielding and electromagnetic wave absorption. 
Furthermore, lightweight, flexible, high strength are the main advantages they have, where these properties 
are also required in the high-density integrated chip. However, the proper requirement of fabrication quality 
makes it has a high cost and a complex machining process especially for the carbon based shielding type cover, 
and additionally the material source is limited in the aspect of metal based shielding type cover. These kind of 
difficulties are expected to be solved in order to implement commercial application. 
In this thesis, first of all, although the magnetic film was applied to the LTE test chip and obtained a good 
noise suppression as mentioned in 1.3, the mechanism investigation of permeability, resistivity, and the 
structure such as thickness and layers of magnetic film are not totally clarified yet. Since the magnetic film is 
effective in both inductive and conductive noise suppression when covered on the chip, the interaction between 
inductive and conductive couplings is important and needed to be confirmed. On the other hand, the couplings 
between lines as studied before show a significant role in the crosstalk performance. The study of crosstalk 
between two signal lines when covered by magnetic film is expected. 
The goal of this study is to complete the deficiency mentioned above, first is to clarify the contribution of 
magnetic material’s characteristics such as permeability, resistivity. Second is to discuss the interaction effect 
between the inductive and conductive noise suppression of magnetic film. Final one is to investigate the 
crosstalk performance between two paralleled lines when they are covered by the magnetic film. 
In the chapter 2 of this thesis, three kinds of magnetic films with different permeability and resistivity, are 
studied in terms of magnetic shielding effectiveness, conductive noise suppression, and crosstalk. The 
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magnetic material’s characteristics such as permeability, resistivity. Second is to discuss the interaction effect 
between the inductive and conductive noise suppression of magnetic film. Final one is to investigate the 
crosstalk performance between two paralleled lines when they are covered by the magnetic film. 
In the chapter 2 of this thesis, three kinds of magnetic films with different permeability and resistivity, are 
studied in terms of magnetic shielding effectiveness, conductive noise suppression, and crosstalk. The 
experiment is based on a proposed method that is microstrip lines covered by magnetic films. The results of 
magnetic shielding effectiveness, conductive loss, and crosstalk are obtained in the agreement of both 
measurement and simulation. As the results, first in the aspect of near field shielding, Co-Zr-Nb film has a 
peak shielding value of 14 dB at the frequency around 1.1 GHz which is corresponded to FMR frequency of 
Co-Zr-Nb film. Co-Pd film has an exponential growth of shielding effect along with the whole frequency range 
from 0.1 GHz to 10 GHz, which is because of the low value of permeability. Ni-Fe film has a nearly linear 
growth shielding effect along with the frequency, which is considered the results of the decentralized magnetic 
moment of the Ni-Fe film. Second, in the aspect of conductive loss, Co-Zr-Nb film has a maximum Ploss/Pin 
at around 2.7 GHz while the similar peaks are also obtained when the magnetic films are Ni-Fe film and Co-
Pd film. Each of them has a maximum value 38% and 75% at around 2.5 GHz and 8.7 GHz, respectively. 
Finally, in the aspect of near end crosstalk 𝑠𝑠31 and far end crosstalk 𝑠𝑠41, magnetic film with high permeability 
shows a good suppression at particular frequencies. Except the results of LC resonance, Co-Zr-Nb film has 
two suppression dips at around 2.7 GHz in both 𝑠𝑠31 and 𝑠𝑠41. Ni-Fe film has a small dip at around 2.3 GHz 
in 𝑠𝑠31 and a large dip at 2 GHz in 𝑠𝑠41. Those suppressions are considered the result of high permeability that 
magnetic film has. 
In chapter 3, first, based on the measurement in chapter 2, models in full wave electromagnetic simulations 
were established with the same dimension and structure. Co-Zr-Nb film was selected to be the representative 
in the mechanism study because of its obvious noise suppression effect. Then, the simulated results agrees 
with the experimental results. Thus, the validity of simulation was confirmed. Furthermore, different films 
with different permeability and resistivity were created in simulation, in order to study the contribution of 
permeability and resistivity of magnetic film to the shielding effect and conductive loss. As the results, it is 
clarified that the frequency of maximum shielding is corresponded to the FMR frequency of magnetic film, 
while the eddy current loss dominates the value of shielding effect at FMR frequency. It is noted that twice 
value of permeability and half of resistivity could lead to an improvement of maximum shielding effect about 
3 dB, respectively. On the other hand, the maximum conductive loss is the results of shifted FMR frequency 
that affected by the demagnetizing field. It is indicated that twice value of permeability could obtain a higher 
conductive loss (+12 %) and a shift of maximum peak frequency. This shift is because of the increase of 
magnetic anisotropy field when obtain a higher value of permeability and keep FMR frequency unchanged. 
The frequency of minimum shielding effect is near to the frequency of maximum conductive loss, where the 
generated magnetic circuit resonance is considered the reason and meanwhile at the same frequency the 
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maximum absorption is happened. 
In chapter 4, first, the capability of crosstalk suppression of magnetic film is confirmed. The simulated results 
agree with the experimental results. The frequency of dips in near and far end crosstalk is corresponded to 
the maximum conductive loss of magnetic film. The mechanism of dips in near and far end crosstalk is because 
of the maximum absorption and the shifted FMR frequency. Second, through the calculation of characteristic 
length, the distribution of magnetic flux density inside the magnetic film was clarified numerically. The results 
demonstrated that the complex permeability of the magnetic film leads to a complex characteristic length, 
thus resulting in the formation of distributed magnetic poles along the film width. In addition, the results 
show that these distributed magnetic poles must be considered in terms of inductive crosstalk and conduction 
loss in the design of patterned magnetic-film-type noise suppressor. Furthermore, the inductance coupling of 
the magnetic film could be clarified based on the results of magnetic flux density distribution. Based on these 
results, this study could help the quantitative evaluation of crosstalk between the aggressor and victim lines 
in the design of the patterned magnetic-film-type noise suppressor.  
In conclusion, first, the contributions of magnetic material’s each permeability and resistivity were clarified 
quantitatively. Then, the interaction between shielding effectiveness and conducive loss was confirmed at the 
same frequency spectrum. Finally, the crosstalk performance of each kinds of magnetic films and the 
corresponding mechanism were confirmed. The proposed study will help development on mechanism study of 
magnetic film-type noise suppressor. Moreover, all the results obtained could be helpful to the design of 
magnetic film-type noise suppressor in IC chips. 
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